(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property OrgaDization ^^^^^ ||||||||||||||| 

(43) International Publication Date (10) International Publl^^^^^ 

31 January 2002 (31.01.2002) PCT WO 02/09184 A2 



(51) InterDational Patent Classification^: HOIL 27/12, 

21/84 

(21) International Application Number: PCT/USOl/14124 

(22) International Filing Date: 1 May 2001 (01.05.2001) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

09/619,838 



20 July 2000 (20.07.2000) US 



(71) Applicant: ADVANCED MICRO DEVICES, INC. 

[US/US]; One AMD Place, Mail Stop 68, Sunnyvale, CA 
94088-3453 (US). 

(72) Inventor: KRISHNAN, Srinath; 4131 Keith Drive, San 
Jose, CA 95008 (US). 

(74) Agent: RODDY, Richard, J.; Advanced Micro Devices. 
Inc.. One AMD Place, Mail Stop 68, Sunnyvale, CA 94088- 
3453 (US). 



(81) Designated States (national)i AE, AG. AL, AM, AT, AU, 
AZ, BA. BB. BG, BR, BY. BZ, CA, CH. CN. CO. CR, CU, 
CZ, DE, DK, DM, DZ. EE. ES. H. GB. GD, GE. GH. GM, 
HR, HU. ID. IL. IN. IS. JP, KE. KG, KP, KR. KZ. LC, LK, 
LR, LS, LT. LU. LV, MA, MD, MG, MK. MN. MW. MX. 
MZ, NO, NZ, PL. PT, RO, RU. SD, SE, SG. SI. SK, SL, 
TJ, TM, TR, TT, TZ, UA. UG, UZ, VN, YU. ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH. GM, 
KE, LS, MW, MZ, SD, SL, SZ. TZ, UG. ZW), Eurasian 
patent (AM, AZ, BY. KG, KZ, MD. RU, TJ, TM), European 
patent (AT, BE, CH. CY, DE. DK, ES. H, FR, GB. GR. IE, 
IT. LU, MC. NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, a, CM, GA, GN, GW. ML, MR, NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette, 



= (54) Title: CAPACITIVELY COUPLED DTMOS ON SOI FOR MULTIPLE DEVICIES 



100 




< 

QO 
OS 

(57) Abstract: A MOSFET multiple device stracture (50) is provided. The structure (50) comprises a plurality of MOSFET devices 
® (52. 54, 56) sharing at least one heavily doped region (1 10) extending underneath a gate region (90, 156) of at least two of the plurality 
O of MOSFET devices (52, 54. 56). The shared heavily doped region (110) provides a capacitivc coupling forming a capacitive voltage 
^ divider with the junction capacitance of the MOSFET devices (52, 54, 56) between a body region (120, 158) and the gate region (90, 
^ 156). 
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CAPACrriVELY COUPLED DTMOS ON SOI FOR 
MULTIPLE DEVICES 



TECHNICAL FIELD 

The present invention genially relates to the design of field effect transistors (FETS) and, more 
particularly, to a device with multiple metal oxide siUcon (MOS) transistor structures configured to opesBte as 
dynamic threshold metal oxide siUcon (DTMOS) structures, which feciHtates mitigation of the operational 
voltage limitation associated wife conventional DTMOS transistor stractures. 
BACKGROUND ART 

As is known in the art, transistors such as metal oxide silicon (MOS) transistors, have been formed in 
isolated regions of a semiconductor body such as an epitaxial layer which was itself formed on a semiconductor, 
typically bulk siHcon, substrate. With an n-channel MOS field effect transistor (FET), the body is of p-type 
conductivity and tiie source and drain regions are formed in the p-type conductivity body as type 
conductivity regions. With a p-channel MOSFET, the body, or epitaxial layer, is of n-type conductivity and the 
souree and drain regions are fonned in fee n-type conductivity body as P* type conductivity regions. It has been 
suggested that fee semiconductor body, or layer, be fonned on an insulating substrate, or over an insulation layer 
formed in a semiconductor substrate. Such technology sometimes is referred to as SiUcon-on-InsuIator (SOI) 
technology. Silicon-on-Insulator MOS technologies have a number of advantages over bulk siHcon MOS 
transistors. These advantages include: reduced source/drain capacitance and hence improved speed performance 
at higher-operating frequencies; reduced to P* spacing and hence higjier packmg density due to ease of 
isolation; and higher "soft error*' upset inununity (/.€., fee immunity to fee effects of alpha particle strikes). 

Silicon-on-Insulator technology is characterized by fee formation of a thin silicon layer for formation 
of fee active devices over an insulating layer, such as an oxide, which is in turn fonned over a substrate. 
Transistor sources in drains are fonned by, for example, implantations into fee siHcon layer while transistor 
gates are formed by fonning a pattraned oxide and conductor (eg. metal) layer stnicture. Such stractures 
provide a significant gain in performance by having lower parasitic capacitance (due to fee insulator layer) and 
increased drain current due to floating body charging effects (since no connection is made to fee channel region 
and charging of fee floating body provides access towards a majority of carriers which dynamically lowrar fee 
threshold voltage, resulting in increased drain current). However, fee floating body can introduce dynamic 
instabilities in fee operation of such a transistor. 

An SOI field effect transistor combines two separated immunity groups, generally formed by 
implantation, constituting fee source and drain of fee transistor wife fee general region (device body) between 
tbem covered by a thin gate insulator and a conductive gate. Typically no electrical connection is made to fee 
channel region and feerefore fee body is electrically floating. Because fee source and drain regions normally 
extend entirely through fee thin siUcon layer, fee electrical potential of fee body is governed by KirchofiPs 
current law, wherein fee sum of fee currents flowing into fee body equals fee sum of fee currents flowing out of 
fee body. Because fee channel potential is dependent on fee body voltage, fee device threshold voltage varies as 
a function of fee body voltage. 
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The boundaries between the channel region and Ihe source and drain, respectively, form junctions 
which are normally reversed biased. Conduction in the chaimel region nonnally occurs immediately below tiie 
gate msulator in the region in which depletion can be controlled by a gate voltage. However, the junctions at the 
boundary of the source and drain also form a parasitic lateral bipolar transistor, which, in effect exists somewhat 
below the field effect transistor and may supplement desired channel current On the otho" hand, die parasitic 
hipoloi device cannot be controlled and under some bias conditions, the operation of tiie parasitic bq)olar device 
may transiently dominate the operation of the field effect transistor and effectively occupy substantially tiie 
entire silicon layer at times whaa the channel current is not desired. 

When the device is switching, the body is coupled to various terminals of the device because there are 
capacitances between the body and gate, body and source, and body and drain respectively. When tiie voltage at 
the various terminal changes, the body voltage changes as a function of time which in turn effects the device 
threshold voltage. In certain cases, this relationship may be harmfiil to a device (e.^., inverter). For example, 
when the gate of an inverter is switched on the drain is discharged (which is typically the output of the inverter) 
- tfius the drain voltage fells when the gate is switched ON, Because the drain and body are c^acitively 
coupled, when the drain voltage drops so does the body voltage. There is an inverse relationshq) between the 
body voltage and die du^hold voltage. For an NMOS device, when flie body voltage fells, the device threshold 
voltage increases. Whenthebody voltage increases the threshold voltage decreases. Thus, the c^acitive 
coupling between the drain and the body results in the device losmg drive current as the device is being 
switched. 

In SOI transistors there is a lack of a bulk silicon or body contact to the MOS transistor. In some 
devices, it is desirable to connect the p-type conductivity body in the case of an n-channel MOSFET, or the n- 
type conductivity body in the case of a p-channel MOSFET. to a fixed potential This prevents various 
hysteresis effects associated with having the body potential "floaf relative to ground. With bulk siUcon 
MOSFETs such is relatively easy because the bottom of ^e bulk silicon can be easily electrically connected to a 
fixed potential. 

SOI devices also exhibit a kink effect which originates fix>m impact ionization. When an SOI 
MOSFET is operated at a relatively large drain-to-source voltage, channel electrons with sufficient energy cause 
impact ionization near the drain md of the chaimeL The generated holes build up in the body of die device, 
thereby raising the body potential. The increased body potmtial reduces the threshold voltage of the MOSFET. 
This increases die MOSFET current and causes die so-called 'Tdnl^* in SOI MOSFET current vs. voltage (I-V) 
curves. 

With regard to the lateral bipolar action, if the impact ionization results in a large number of holes, the 
body bias may be raised sufEciently so that the souree region to body p-n junction is forward biased. The 
resulting emission of minority carriers into the body causes a parasitic npn bipolar transistor between source, 
body and drain to turn on, leading to loss of gate control over the MOSFET current 

A solution to controlling floating body effects and threshold voltages is known as a dynamic direshold 
metal oxide field effect transistor (DTMOS). A large improvement over regular MOSFET can be achieved 
when the gate and body of die MOSFET are electricaUy coupled. These devices offer improvements in power 
consumption in addition to reduced dureshold voltages and fester switching times. This advantage is enhanced 

2 



wo 02/09184 PCT/USOl/14124 
for SOI devices where base current and c^acitances are appreciably reduced because of very smaU junction 
areas. However, these device are limited to operation of about a diode drop .6 - .8 volts. If the voltage rises 
above a diode drop, flie body to source and body to drain parasitic diodes wiU turn on and gate control will be 
lo St This can result in a very high current fiom source to dram, which may even result in destruction of flie 
device. 

In view of flie above, it is apparent that there is a need in the art for a device which mitigates some of 
the negative effects mentioned above, relating to disadvantages of DTMOS SOI devices. 
DISCX.OSURE OF THE INVENTION 

The present invention provides for a multiple DTMOS structure and method for making the same. The 
device of the present invention mitigates some of the aforementioned problems associated with DTMOS 
devices. The device of the present invention includes drain and source regions and lightly doped source and 
drain regions (LDD regions). The device also includes a heavily doped region alongside the dram and source 
regions and the LDD regions. The heavily doped region is shared by the multq^le DTMOS structures and 
provides a capacitive coupling of the gate and body of the DTMOS structures. The c^acitive coupling 
combines with the junction capacitance of the structure to form a capacitive voltage divider between the drain 
and body. This provides an ability to operate DTMOS structures above .6 - .8 volts resulting in mcreased 
switching speeds. Additionally, capacitive coupling mitigates dropping of body potential during switchmg by 
lowering die threshold voltage of the stiucture. Body potential and threshold potential are related-by controlling 
body potential,- dropping of body voltage during switchmg is mitigated, which m turn mitigates variances in &e 
threshold voltage. 

A multiple DTMOS system is formed by using a shared heavily doped region alongside abutting 
transistor structures. A single heavily doped region may be employed for multiple transistor structures or 
several heavily doped regions may be employed between abutting transistor structures. This provides a 
capacitive junction between die gate and body of each transistor structure resulting in hnproved performance of 
die system. AdditionaUy, the source of one abutting device can be formed from die same doped region of die 
drain of die odier abutting device. Sharing regions provides reduced cost in material and reduced device size 
and ultimately a faster device. 

One aspect of the invention relates to a multiple MOSFET device structure. The structure comprises a 
pluraHty of MOSFET devices sharing at least one heavily doped region extending undemeadi a gate region of at 
least two of the pluraHty of MOSFET devices. The shared heavily doped region provides a capacitive coupHng 
forming a cqjacitive voltage divider widi die junction capacitance of die MOSFET devices between a body 
region and the gate region. 

Anodier aspect of die device relates to a multiple transistor device. The multiple transistor device 
comprises a pluraHty of transistor devices. Each of die pluraHty of transistor devices comprises an N* source 
region and an N- Ughdy doped source region, an drain region and an N- Ughdy doped dram region and a P** 
heavily doped region. The P** heavily doped region resides alongside at least a portion of one of die Hghdy 
doped source region and die N- Hghdy doped drain region of each of die pluraHty of transistor devices. A P* 
body region resides below a gate region and between die source and drain regions of each of die pluraHty of 
transistor devices. The P** heavily doped region provides a c^acitive coupHng forming a capacitive voltage 
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divider with the junction capacitance of the device between the body region and flie gate of each of die plurality 
of transistor devices. 

Yet another aspect of die device relates to an SOI multiple NMOS structure comprising a silicon 
substrate, an insulating oxide layo* formed ovw the substrate, a top silicon layer fonned over the insulating 
oxide layer, a plurality of gates fonned over a portion of tiie top silicon layer, each of the plurality of gates 
corresponding to an NMOS stracture, a gate oxide fonned between the plurality of gates and the top silicon 
lay^, N*" source and drain regions fonned in the top silicon layer for each of tiie multiple stractures, N- 
lighfly doped source and drain extension regions fonned in the top silicon layer for each of tiie multiple 
structures, a P*^ heavily doped region fonned along the length of the top silicon layer extending beneath the 
pluraKty of gates, the P"*^ regions having higher dopant concentration tihan the N* regions and residing alongside 
a portion of the respective N" regions, wherein the P"^ region provide a capacitive coupling between a body 
region and a gate for each of the NMOS structures and form a capacitive voltage divider witii the junction 
capacitance of each of the NMOS stnictures. 

Anotiier aspect of the presait invention relates to a multiple DTMOS structure. The multiple DTMOS 
system comprises at least two abutting DTMOS structures each comprising: a source region, a drain region, a 
gate region and a body region, and a capacitance formed underneath the gate regions and alongside at least one 
of the sourxje region and the drain region of the at least two abutting DTMOS structures. 

Still another aspect of the invention relates to a method of forming a multiple MOSFET structure. The 
method comprises the st^s of forming lightiy doped regions in a substrate, forming tiie same number of source 
and drain regions as lightiy doped regions in the substrate, the source and drain regions being at least partially 
below the conespondmg lightly doped regions and at least one of the source and drain regions being shared 
between abutting MOSFET structures and forming a highly doped region adjacent to the lightiy doped regions. 

Another aspect of the present invention relates to a method of forming an SOI multiple NMOS 
structure, comprising the steps of using a SIMOX process to form a silicon base, an oxide layer between the base 
and a top silicon layer, forming N' lightiy doped regions in the top silicon layer, forming the same number of N* 
source and drain regions as the lightiy doped regions in the top sihcon layer, the source and drain regions being 
at least partially below a corresponding lightiy doped region and forming a P** heavily doped region extending 
alongside the N" lightiy doped regions and die N* source and drain regions in tiie top silicon layer wherein the 
P** region provide a capacitive coupling between a body region and a gate of at least one of the multiple NMOS 
structures and forms a capacitive voltage divider with the junction capacitance of the NMOS structure. 

To the accomplishment of the foregoing and related ends, the invention, then, comprises the features 
hereinafter fully described and particularly pointed out in tiie claims. The following description and tiie armexed 
drawings set forth in detail certain illustrative raibodiments of the invention. These embodiments are indicative, 
however, of but a few of the various ways in which the principles of the invention may be employed. Other 
objects, advantages and novel features of the invmtion will become apparent &om the following detailed 
description of tiie invention when considered in conjunction with die drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic cross-sectional side view illustration of a multiple DTMOS SOI structure in 
accordance with the present invention; 
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Fig. 2 is a schematic cross-sectional view illustration of the multiple DTMOS SOI stmcture of Fig. 1 
along die lines A-A in accordance with the present mvention; 

Fig. 3 is a schematic woss-sectional view illustration of the multq)le DTMOS SOI structure of Fig. 1 
along the lines B-B in accordance with the present invention; 

Fig. 4 is a schematic iUustration of an equivalent circuit of one of the multiple DIMOS devices of the 
multiple DTMOS SOI structure of Figs. 1-3 in accordance wifli the present invention; 

Fig. 5 is a graph iUustrating gate voltage verse time of one of the multiple DTMOS devices of the 
multiple DTMOS SOI structure of Figs. 1-3 in accordance with the present invention; 

Fig. 6 is a graph illustrating body voltage verse time of the DTMOS SOI structure of Figs. 1-6 
coiresponding to the gate voltage illustrated in Fig. 3 in accordance with the present invention; 

Fig. 7 is a schematic cross-sectional iUustration of an SOI substrate in accordance with the present 
invention; 

Fig. 8 is a schematic cross-sectional illustration of the SOI substrate of Fig. 7 with a pad oxide layer 
and nitride layer formed thereon in accordance with the present invention; 

Fig. 9 is a schematic cross-sectional illustration of the structure of Fig. 8 with isolation regions formed 
therein in accordance with the present invention; 

Fig. 10 is a schematic cross-sectional illustration of the structure of Fig. 9 wifli shallow isolation 
trenches formed at the isolation regions m accordance with the present invention; 

Fig. 1 1 is a schematic cross-sectional illustration of the structure of Fig. 10 witii an oxide layer formed 
thereon so as to fill ^e isolation trenches in accordance with flie present invention; 

Fig. 12 is a schematic cross-sectional iUustration of the structure of Fig. 11 after die oxide layer has 
been polished down to the surfece of the nitride layer m accordance with the present invention; 

Fig. 13 is a schematic cross-sectional iUustration of die structure of Fig. 12 after the nitride layer, pad 
oxide layer and portions of the oxide layer have been etched away in accordance with die present invention; 

Fig. 14 is a schematic cross-sectional iUustration of the structure of Fig. 13 undergoing an ion implant 
step to form a p-type body region in accordance widi the present invention; 

Fig. 15 is a schematic cross-sectional Ulustration of die stracture of Fig. 14 undergomg an ion implant 
step to form a heavily doped region in accordance widi the present invention; 

Fig. 16 is a schematic cross-sectional iUustration of the structure of Fig. 15 after undergomg die ion 
implant step to form a heavily doped region in accordance with the present invention; 

Fig. 17 is a schematic cross-sectional iUustration of die structure of Fig. 16 widi a flim low dielectric 
constant gate oxide material fonned on die substrate surfece between die isolation trenches m accordance widi 
the presoit invention; 

Fig. 18 is a schematic cross-sectional Ulustration of die structure of Fig. 17 after formation of a 
plurality of gates in accordance widi the present invention; 

Fig. 19 is a schematic cross-sectional Ulustration of die structure of Fig. 18 undergoing an ion implant 
step to form N- source/drain (S/D) Ughdy doped regions m accordance widi die present invention; 

Fig. 20 is a schematic cross-sectional iUustration of the structure of Fig. 19 after undergoing die ion 
implant step to form N- source/drain (S/D) Ughdy doped regions in accordance widi die present invention; 
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Fig. 21 is a schematic cross-sectional illustration of the structure of Fig- 20 after the formation of 
spacers in accordance with die present invention; 

Fig. 22 is a schematic cross-sectional illustration of the structure of Fig. 21 und^oing an ion implant 
step to form source and drain regions in accordance with tiie present invention; 

Fig. 23 is a schematic cross-sectional illustration of the structure of Fig. 22 after undergoing the ion 
implant step to form source and drain regions in accordance with the present invention; 

Fig. 24 is a schematic cross-sectional ilhistration of the structure of Fig. 23 after formation of an oxide 
layer over the structure in accordance with the preset invention; and 

Fig. 25 is a schematic cross-sectional illustration of the structure of Fig. 24 after the oxide layer has 
been polished down to the surfece level of the gate in accordance with the present invention. 
MODES FOR CARRYING OUT THE ESTS^NTION 

The present invention relates to a multiple MOSFET system which facilitates mitigation of junction 
C£^acitauce and/or floating body effects, and a method for making the same. The multiple MOSFET system of 
the present invention exhibits faster performance, lower power consumption and less h3^teresis than many 
conventional multiple MOSFET systems. The present invention accomplishes such by providing a capacitive 
coupling of a gate region and a body region of at least one of the MOSFET structures of Ae system to configure 
the structure as a dynamic threshold metal oxide field effect transistor G^TMOS). The c^acitive coupling 
forms a ci^acitive voltage divider with the junction capacitance of the device to allow the device to operate 
above .6 - .8 volts. Hie capacitive coupling can be provided in the other MOSFET structures by sharing heavily 
doped regions between abutting structures. The present invention will now be described widi reference to the 
drawings, wherein like referaice numerals are used to refer to like elements throughout Although the present 
invention is described primarily in connection widi an SOI multiple MOSFET structure, the present invention 
may be employed in connection with bulk multiple MOSFET structrues as well. It should be understood that the 
description of this preferred embodiment is merely illustrative and that it should not be taken in a limiting sense. 

Fig. 1 is a schematic cross-sectional side view illustration of a SOI multiple MOSFET device structure 
50 across a central region in accordance with the present invention. The structure 50 includes a first MOSFET 
structure 52, a second MOSFET structure 54 and a third MOSFET structure 56 (Figs. 2-3). The device structure 
50 includes a base 60 comprising silicon, for example. The base 60 provides mechanical support for the device 
structure 50, and is of a thickness suitable for providing such support A dielectric layer 64 (e.g., SiOj, Si3N4) is 
formed over the base 60. The thickness of the dielectric layer 64 is preferably wi&in flie range of lOOOA to 
5000 A. A top silicon layer 70 is shown formed over the dielectric layer 64, and the top silicon layer preferably 
has a thickness within die range of 500A to 2000 A. The top silicon layer 70 becomes the active region for 
device fabrication. Each MOSFET device 52, 54 and 56 include a gate 90, an n-type channel 94 (Figs. 2-3), and 
a gate oxide layer 100 formed between die gate 90 and die channel 94. An oxide layer 230 serves to protect the 
device 50 fix>m contaminants, etc. 

Fig. 2 is a schematic cross-sectional illustration of ttie SOI multiple MOSFET device structure 50 along 
the lines A-A of Fig. 1 in accordance with the present invention. Each MOSFET device 52, 54 and 56 is an 
NMOS type device. Connections and vias (not shown) can be implemented to form various circuit 
configurations (eg, NAND gate, NOR gate ). It is to be appreciated that although each of the structures 52, 54 
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and 56 are NMOS devices, a numbCT of NMOS and PMOS devices can be employed to ft»nn a variety of circuit 
configurations by employing the present invention. Each MOSFET device 52, 54 and 56 include an N* drain 
region 80, anN* source region 82, anN- Ughtly doped drain extension region 84, and an N" lightly doped source 
extension region 86. Alongside flie N* drain region 80, the N- lightly doped drain extension region 84, the N* 
source region 82, and the N- U^y doped source extension region 86 of each MOSFET device 52. 54 and 56 is 
a heavily doped region 1 1 0 &at extends across the entire MOSFET device structure 50 undo- flie gates 90 of 
the MOSFET devices 52, 54 and 56 (see Figs. 1 and 3). 

Fig. 3 illustrates a cross-sectitMial view of the device structure 50 along the lines B-B of Fig. 1. The 
heavily doped region 1 10 is a shared region tot forms a capacitance between flie gate 90 and the body 120 of 
each of tiie MOSFET devices 52, 54 and 56, coupling the gate 90 to the body 120 and forming a capacitive 
voltage divider with the junction capacitance of tiie device. The heavily doped region 1 10 also fecilitates 
voltage control of floating body effects {e.g., kink effect and hysteresis effects) of the devices 52, 54 and 56. 
As can be seen from Figs. 1-3, the heavily doped P** region 110 runs under Ihe gate 90 alongside the transistor 
drain region 80 and N- lightly doped drain extension region 84 for each device 52, 54 and 56. The heavily 
doped P** region 110 also runs under the gate 90 alongside the transistor N*^ source region 82 and N- lightly 
doped source extension region 86 for each device 52, 54 and 56. 

It is to be appreciated that although the present example is illustrated wifli respect to a single heavily 
doped region shared between a pluraUty of MOSFET devices, a shared heavily doped region may be provided 
between each abutting stnicture or multiple shared heavfly doped regions may be provided between abutting 

structures. 

Lowering Ae doping concentration of the source/drain regions reduces die junction c^adtances 
between flje drain/body and source/body intrafeces. The junction c^acitance is related to the dopmg 
concentrations of the regions forming flie junction, as can be seen from tiie following formula: 

q = eA[(q/2e(V.-V))(NJ«iy(N.*Nd)]'* 
wheaein A «?>reseiits the cross sectional area of the source/body aiid drainA)ody interfeces, lepiesents the 
number of donore in the source and drain regions, respectively, andN. represents the number of acceptors in the 
body 

The heavily doped region is doped with a P* ^e dopant (e.g.. Boron) and at a dopant concentration 
higher than the N* dopant concentration of die source/drain regions 80, 82 and flie P* body region 120. As a 
result, tiie heavily doped region 1 10 forms a capacitance between the gate 90 and the body 120 for each device 
52, 54 and 56 which couples the gate 90 to die body 120 and serves to act as a voltage divider. This aflows use 
of each of the NMOS devices as DTMOS devices that can operate at voltages higher than a diode drop. 

In one specific tanbodiment of tibe present mvention, heavily doped region 1 10 preferably mclude a 
boron imphmt having a dose within the range of IxlO" to lxl0» atoms/cm^ at an energy range of about 1 KeV 
to about 100 KeV. The Ughtly doped source/dram rattension regions inchide an arsenic implant having a dose 
concentration m Ihe range of 1x10'* to 1x10" atoms/cm* and implanted at an energy range of about 50 KeV to 
about 200 KeV. The source and dram regions 80, 82 include an arsenic or phosphorus implant having a dose 
within the range of 1x10" to 1x10" atoms/cm> at an energy range of about 50 KeV to about 200 KeV. It will 
be 8«>preciated that any suitable dose and encigy range and implant may be employed to carry out the present 
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invention- The p-type body 120 includes a implant (e.g.. Boron) having a dose wifliin the range of 1x10**^ to 
1x10^^ atoms/cm^ 

Fig. 4 illustrates a schematic diagram of an equivalent circuit for each of the MOSFET devices 52, 54 
and 56. The equivalent circuit includes a MOSFET device 140 having a gate region 156, a body region 158, a 
source 144 and a drain 152. A capacitor 146 labeled as Crrr is connected from the body region 158 to the gate 
region 156 via a contact point 150. The capacitor 146 combines with the junction capacitance Cj of flie 
MOSFET 140 to fonn a voltage divider between volt^e applied to the gate region of the MOSFET 140 and the 
voltage level at the body region 158 of the MOSFET structure 50. The voltage level at die body region 158 is 
proportional to the voltage applied at the gate region 156 and is governed by die following equation: 

AVB-(COT/C„r*Cj)* 

where Cj is the junction capacitance of the MOSFET 140. Figs. 5-6 illustrate Ae relationship of Vq and Vb over 
time where (max) is proportional to Vq but less than as detennined by the c^pacitive ratio illustrated m 
the above equation. 

In forming multiple structure systems, the present invention provides shared doped regions between 
abutting structures. For example, the P** heavily doped region 1 10 is shared between the first MOSFET device 
52, the second MOSFET device 54 and the third MOSFET device 56. However, separate P** heavily doped 
regions may be provided between abutting devices. Abutting devices can also inchide a shared N* region 102 
and 104. For example, the N* source region 82 of the first MOSFET structure 52 and the N* drain region 80 of 
die second MOSFET structure 54 form a shared region 102. Furthermore, the source region 82 of the 
second MOSFET structure 54 and the N* drain region 80 of the third MOSFET structure 56 fomi a shared 
region 104. Providing shared regions between structures increases the speed of the system 50, reduces material 
costs and reduces the overall size of the system 50. 

Turning now to Figs. 7-25, fabrication steps in connection with forming the structure 50 of Fig. 1 are 
discussed. Figs. 7-16 illustrates the fabrication of the structure 50 with respect to the cross-sectional view as 
shown in Fig. 3 and Figs. 17-25 illustrate the fabrication of the structure 50 with respect to the cross-sectional 
view as shown in Fig. 2. Fig. 7 illustrates a basic SOI structure in its early stages of febrication. The structoe 
includes die silicon base 60, the silicon oxide layer 64 and tiie top siHcon layer 70. This basic structure is 
formed preferably via a SIMOX (Separation by Implantation of Oxygaa) process. The basic steps of the 
SIMOX process involve implanting oxygen beneath the surface of a silicon wafer. An annealing step is next 
perfonned to coalesce the implanted oxygen atoms into a uniform layw of SiOj. Soinetimes, epitaxial silicon 
may be grown atop the silicon to satisfy specific device requirements, but with or witiiout an epitaxial layer, the 
top surfece film 70 becomes the active legion for device febricatioiL The buried oxide layer 64 is typically 0.1 
to 0,5 Jim thick and exhibit almost complete incorporation of die implanted oxygen. Typical implant energies 
range 6om 150 to 200 keV, while the oxygen dose may vary fi-om 1 to 2E18 cm**. The top silicon fikn 70 
tiiickness as well as tiie variation thereof with respect to the oxide layer 64 thickness is a function of the implant 
energy as well as the rate of surface silicon sputtering during the implant process. 
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A second signmcant step in the smOX process is high ton^^ Such annealing is 

typically perfonned at tempeiatures greater than 1250"C for several hours to coalesce the implanted oxygen and 
achieve soUd state recrystallization of the top (superficial) siKcon layer 70 fiom fixe surface downward. 

Figs. 5-13 illustrate process steps associated with fibrication of isolation regions of die MOSFET 
device 50 in accordance with the present invention. The present process relates to shallow trench isolation 
(SH), which involves etching a trench into the top siKcon layer 70 and filling the trench with an isolation 
materiaL Local oxidation of silicon (LOCOS) isolation processes generally occupy a great deal of wafer 
surfece area, and thus SH provides for an alternative isolation technique. 

Fig. 8 illustrates a pad oxide layer 160 and a layer of nitride 162 formed on the surfece of the top 
siUcon layer 70. The pad oxide layer 1 60 has a thickness of approximately 200 A and may be tiiermally grown 
at a temperature of approximately 900D C for a period of 40 minutes. The nitride layer 162 is deposited on the 
surfece of the pad oxide layer 160 via a chemical vapor deposition (CVD) process to a thickness of 
approximately 2000 A. A conventional photoresist process is then utilized to pattern and etch tiie nitride layer 
1 62 and the pad oxide layer 1 60 in order to result in the structure shown in Fig. 9. Such photoresist process 
includes use of an STI mask which defines isolation regions 168. The isolation regions 168 are located on Ae 
substrate 60 at positions which ^ interpose active regions later formed on flie top silicon layer 70. 

Next, as represented in Fig. 10, a silicon etch is perfonned so as to form shallow trenches 170 within 
the top silicon layer 70 at the isolation regions 168. In particular, a trench resist material (not shown) is appHed 
to cover the structure and is then patterned to expose the isolation regions 168. The shallow trenches 170 are 
then etched mto die top silicon layw 70 using smtable techniques. The trench resist material is thereafter 
stripped so as to result in the structure shown in Fig. 10. 

Following the formation of die trenches 170 via the siHcon etch, a layea^ of oxide material 174 is formed 
on the structure using high density plasma chemical vapor deposition (HDPCVD) in order to fill fully die 
isolation regions 170 with the oxide material 174 as shown in Fig. 1 1. As is known, HDPCVD is a self- 
planarizing process which facilitates reduction of die chemical mechanical polishing (CMP) times required in 
subsequent steps. {See, e.g., Pye, J.T. et aL High-density plasma CVD and CMP for 0J5-^m intermetal 
dielectric processing. Solid State Technology, Dec. 1995, pgs. 65-71). Following deposition of die oxide 
material 174, the oxide material 174 is polished via CMP down to die surface level of die nitride layer 162 as 
shown in Fig. 12. Consequently, die insulative oxide material 174 in the trenches 170 rraiams. The upper 
surfece of die oxide matmal 174 is substantially even widi the upper surfece of die nitride lay^ 162. 

As is represented in Fig. 13, the nitride layer 162 and pad oxide layer 160 are stripped away using a 
suitable stripping process. The strip process also results in die top surfece of die oxide material 174 being 
etched to a level substantially even with the surfece of die top silicon layer 70. Thus, die formation of the 
shallow isolation trenches 170 is substantially complete in relevant part 

Turning now to Figs. 14-25, process steps in connection with completion of die MOSFET device 50 m 
accordance widi die present invention are described. Aldiough die present invention is described m the context 
of febricating NMOS type devices it is to be appreciated diat die preseait invention as appHcability to a variety of 
transistor devices including PMOS type devices. The present descrqition will enable tiiose skilled in die art to 
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practice flie invention with respect to a vast number of different types of transistor devices which are intended to 
fell within the scope of the invention as defined by the hereto, appended claims. 

The top silicon layer 70 is of a p-type and tilie trenches 170 serve as isolation barriers to define active 
regions. Fig. 14 shows the formation of the p-type body 120 by masking a portion of the top siUcon layer 70 
with a photoresist layer (not shown) and implanting p-well dopants 180 to provide the p-type body 120. 
Turning now to Fig. 15. a second implant step 190 is performed to implant P ** implants at a higher dose than 
tiie p-type body implant of step 190 to achieve flie highly doped region 1 10. A special mask is employed to 
ensure fliat the p-type implant only implants tiie structure in a specific region of the device 50. The P implant 
of step 190 is preferably Boron at a dopant concentration within tfie range of about 1x10*^ - 1x10'^ atoms/cm^ 
The P implant provides a capacitive coupling of a gate region and a body region of the MOSFET device to 
configure the device as a dynamic threshold metal oxide field effect transistor (DTMOS). Fig. 16 illustrates the 
capacitance portion of the structure 50 completed in relevant part 

Figs. 17-25 illustrate a cross-sectional view of die formation of the transistor portion of the device 
structure 50 as shown in Fig. 2. Fig. 17 illustrates the thin gate oxide material 100 being laid down on the top 
silicon layer 70 between the shallow trenches 170. The thin gate oxide material 100 is formed to have a 
thickness within the range of about < 40 A. Preferably, the thin gate oxide material 100 includes SiOj which has 
a substantially low dielectric constant However, it is to be appreciated tiiat any suitable material (eg.,. Si3N4) 
for carrying out the present mvention may be employed and is intended to Sail within the scope of tiie present 
invention. Alternatively, the fliin gate oxide material 100 can be formed prior to the formation of tiie heavily 
doped region 1 10. 

Thereafter as shown m Fig. 18, the gate structure 90 for each MOSFET device is formed between the 
shaUow trenches 170 over the thin gate oxide material 100. The gate 90 is made of polysilicon. The gate 90 has 
a thickness within the range of about 1000 to 2000 A, and the thickness of the gate 90 is chosen so as to account 
for any subsequent pohshing that might be performed. It will be appreciated of course that the thickness of the 
tiiin gate oxide material 100 and the gate 90 may be tailored as desired and the present invention intends to 
include any suitable range of tiiicknesses thereof for carrymg out the present invention. Excess jgate oxide 
material 100 is removed as is conventionaL 

Fig. 19 illustrates an n-region first ion implant step 200. A capacitor mask is employed to protect the 
highly doped P"^ regions during the n-type implants. A 1^ implant 200 is used to form n-channel transistor 
HghUy doped regions 84 and 86 (Fig. 20) for each MOSFET transistor device which are self-aligned with the 
gate 90, repsectively. In the preferred embodiment, this implant step may be an arsenic implant for example 
having a dose in the range of 1x10" to 1x10'* atoms/cm^ and an enargy range of about SOKeV to about 200 
KeV. It will be appreciated that any suitable dose and energy range and implant may be employed to carry out 
die present invention. 

Next, after the step of implanting arsenic, an optional nitrogen implant step may be performed as part 
of implant step 200. Nitrogen may be added via implantation m the lighdy doped regions 84 and 86. The 
nitrogen implant may be appHed at a dose of 1x10'^ to 5x10" atoms/cm^ witii an energy range of about 50KeV 
to 200KeV. It will be appreciated that although in the preferred embodunent the nitrogen implant step is 
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perfonned after the arsenic implantation, the nitrogen implantation may be performed prior to die arsraiic 
implantation. 

TTie implantation of die nitrogen as represented results in reduced series resistance and hot carrier 
effects without significandy increasing S/D extension overli^. Contrary to conventional MOS fabrication 
techniques where mcreasing dopant concentration results in lower sheet resistance, die nitrogen implantation 
does not result in a deeper junction as a result of die increase in dopant On die odier hand, if die arsenic dopant 
dose is increased in order to lower sheet resistance, a deeper junction would result The deeper junction may 
result in bad roll-off, make die MOS device more difficult to control, and possibly result in punch dirough 
effects. However, unlike conventional techniques, the nitrogen implantation results in reduced series resistance. 
Thus, diis step provides for reducing series resistance without die negative consequences (e.^., hot electron 
carrier and punch dirough effects) associated with conventional techniques. 

Furthennore, the nitrogen implantation does not result in any significant increase in die amount of 
diffusion of die S/D extension into die gate. When an implant is provided in die S/D ejrtension region die 
implant not only spreads vertically diere is also horizontal spreading of the implant which is known as S/D 
extension overlap into the gate. The use of nitrogen implant does not result in any significant increase in S/D 
extension overlc^ as compared to conventional dopants. 

After die implant step 200, die spacers 92 are formed along sidewalk of the gates 90. To accomplish 
diis step, a spacer material layer (not shown) may be formed over die top silicon layer 70. The spacer material 
layer may be formed by depositing tetraedioxysilane (TEOS) oxide, siHcon dioxide or die like over die surfece 
of die top silicon layer 70. The spacer material is then anisotropically etched to form die spacers 92 on the 
sidewalk of each of die gates 90, for example. An etdiant which selectively etches die spacer material layer 
(eg., etches the spacer material layer at a fester rate than die top siHcon layer 70), may be used to etch die spacer 
material layer until only die spacers 92 remain at die sidewalk of each of the gates 90 as shown in Fig. 21. 

After the formation of the spacers 92 anodier ion implant step 2 10 is performed as shown in Fig. 22. A 
capacitor mask is employed to protect die highly doped P** regions during die n-type implants. An implant 
210 is performed to form source region 80 and drain region 82 (Fig. 23) in portions of die Hghdy doped 
regions, respectively. The spacers 92 serve as masks to prevent ion implantation in the portions of lighdy doped 
regions underlying the spacers 92. These protected portions of die Hghtiy doped regions are die respective 
lighdy doped drain (LDD) region 84 and lightiy doped source (LDS) region 86 of each of the MOSFET devices 
52, 54 and 56. 

Turning now to Fig. 24, an oxide layer 230 is deposited over die MOSFET device 50. The oxide layer 
230 is dien poUshed via a chemical mechanical poUsh (CMP) down to die surfece level of die gate 90 as shown 
in Fig. 25. The upper surfece of the oxide layer 230 is dius substantially even with die upper surfece of the gate 
50. Consequentiy, die oxide layer 230 serves to mask die entire MOSFET device 50 except for the exposed gate 
90. The spacers 92 are no longer deleted because they are of die same material as the oxide layer 230. Thus, 
the MOSFET device 50 is complete in relevant part 

Substantially the same febrication methodology may be employed in die febrication of such an n- 
channel device as a bulk device as compared to die discussed SOI type device. One skilled in die art could 
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readily taflor flie above steps to fonn such n-channel devices based on fee discussion herein, and feerefinre 
fat(bsr discussioA related thereto is omitted fiar sake of brevify. 

What has been described above are preferred embodiments of fee present invention. It is, of counse, 
not possible to describe every conceivable combination of components or mefeodologies for purposes of 
describing fee present invention, but one of ordinary skiU in fee art will recognize feat many fiirfeer 
combinations and permutations of fee present invention are possible. Accordingly, fee present invention is 
intended to embrace all such alterations, modifications and variations feat fell within fee spirit and scope of the 
appended claims. 

Industrial APDlicability 
This invention has industrial sj)plicability in fee area of semiconductor packaging. 



12 



wo 02/09184 

CLAIMS 

What is claimed is: 
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1. A m\iltiple MOSFET device structure (50), comprising: 

a plurality of MOSFET devices (52, 54, 56) sharing at least one heavOy doped region (1 10) extending 
undemeatii a gate region (90, 156) of at least two of the plurality of MOSFET devices (52, 54, 56), die shared 
heavily doped region (1 10) providing a capacitive coupling forming a c^acitive voltage divider with the 
junction capacitance of the MOSFET devices (52, 54, 56) between a body region (120, 158) and the gate region 
(90. 156). 

2. The structure of claim 1 , the heavily doped region (110) residing alongside at least a portion of 
at least one of a lightly doped source extension region (86) and a lightiy doped drain extension region (84) of 
abutting MOSFET devices (52, 54, 56). 

3. The structure of claim 1, the heavily doped region (1 10) residing alongside at least a portion of 
at least one of a source region (82) and a drain region (80) of abutting MOSFET devices (52, 54, 56). 

4. A multiple transistor device (50), comprising: 

a plurality of transistor devices (52, 54, 56), each of the plurality of transistor devices (52, 54, 56) 
comprising: 

an source region (82) and an N- lightly doped soiwce region (86); 
an IST drain region (80) and an N- lightly doped drain region (84); 

a heavily doped region (110), the P** heavily doped region (1 10) residing alongside at least a 
portion of one of the N- lightly doped source region (86) and the N® lightly doped drain region (84) of each of 
the plurality of transistor devices (52, 54, 56) ; and 

a P"^ body region (120, 158) residing below a gate region (90, 156) and between the source (82) and 
drain (80) regions of each of the plurality of transistor devices(52, 54, 56); 

wherein the F** heavily doped region (1 10) provides a capacitive coupUng forming a capacitive voltage 
divider with the junction capacitance of each of the plurality of transistor devices (52, 54, 56) between the 
respective gate region (90, 156) and the body region (120, 158). 

5. The device of claim 4, the heavily doped region (1 10) coupling the gate potential with the 
body potential of each of the plurality of transistor devices (52, 54, 56). 

6- An SOI mult^>le NMOS structure (50), comprising: 
a silicon substrate (60); 

an insulating oxide layer (64) formed over the substrate (60); 

a top silicon layer (70) formed over the insulating oxide layer (64); 
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a phixaUty of gates (90. 156) fonned over a portion of the top siUcon layer (70), each of the phiraUty of 
gates (90, 156) corresponding to anNMOS structure; 

a gate oxide (100) fonned between the pluiaHty of gates (90, 1 56) and tiie top silicon layer (70); 
source (82) and drain (80) regions formed in the top siHcon layer (70) for each of the multiple 
structures (52, 54, 56); 

K lightly doped source (86) and drain (84) ext^ion regions fonned in the top silicon layer (70) for 
each of the multiple structures (52, 54, 56); 

a heavily doped region (1 10) fonned along the length of the top siHcon layer (70) extending 
beneath die pluraHty of gates (90, 156), the regions (1 10) having higher dopant concentration than the N* 
regions (80, 82) and residing alongside a portion of the respective N" regions (84, 86); and 

wherein the P** region (1 10) provide a capacitive coupling between a body region (120, 158) and a gate 
(90, 156) for each of the NMOS structures (52, 54, 56) and form a capacitive voltage divider witii the junction 
capacitance of each of the NMOS structures (52, 54, 56). 

7, The stracture of claim 6, wh&reixx N* drain (80) and source (82) regions of abutting structures 
(52, 54, 56) is a shared doped region fonning the N*" drain (80) of one structure and the N* source region (82) of 
the other structure. 



8. A multiple DTMOS structure (50), comprising: 

at least two abutting DTMOS structures (52, 54, 56) each comprising: a source region (82), a drain 
region (80), a gate region (90, 156) and a body region (120, 158); and 

a capacitance fonned underneath the gate regions (90, 156) and alongside at least one of die source 
region (82) and the drain region (80) of the at least two abutting DTMOS structures (52, 54, 56). 

9. A method of forming a multiple MOSFET structure (50), comprising die steps of: 
forming lightly doped regions (84, 86) in a substrate (60); 

fonning die same number of source (82) and drain (80) regions as Hghdy doped regions (84, 86) in die 
substrate (60), die source (82) and drain (80) regions bemg at least partiaUy below die corresponding lighdy 
doped regions (84, 86) and at least one of die source (82) and drain (80) regions being shared between abutting 
MOSFET structures (52, 54, 56); and 

fonning a highly doped region (1 10) adjacent to die lightly doped regions (84, 86). 

10. A method of forming an SOI multiple KMOS structure (50), comprising die steps of: 

using a SIMOX process to fonn a silicon base (60), an oxide layer (64) between die base (60) and a top 
silicon layer (70); 

forming lighdy doped regions (84, 86) in the top silicon layer (70); 

fonning die same number of source (82) and drain regions (80) as die Ughdy doped regions (84, 86) 
in die top siUcon layer (70), die source (82) and drain (80) regions being at least partially below a conresponding 
lighdy doped region (84, 86); and 
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forming a P*" heavUy doped region (1 10) ectending alongside flie N" lightly doped regions (84, 86) and 
flie N* source (82) and drain (80) regions in Ihe top silicon layer (70) wherein die ?** region (1 10) provide a 
cspadtive coupling between a body region (120, 158) and a gate (90, 156) of at least one of the multiple NMOS 
structures (52, 54, 56) and forms a cqncitive voltage divider wifli die junction cq>acitance of die NMOS 
structure (52, 54, 56). 
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